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CHAPTER I 
INTRODUCTION 
STATEMENT OF THE PROBLEM 
The primary and immature permanent dentition present 
unique problems associated with pulp therapy. Maintaining 
the vitality of teeth exposed by caries , or accident , 
has been of interest to the dental profession for t wo 
hundred years. 1 
"Den tal caries is the most frequent caus e of 
pulpal inflammation. Pulp inflammation i n a ca rious 
tooth may or may not be clinically apparent. However 
s ome kind of pulp treatment is us ually considered 
when there are clinical including radio graphic, 
signs of inflammation or when the ~ulp is exposed 
during removal of carious dentine or accidently as 
in the case of teeth fractured by trauma. Several 
alternatives me thods of treatment have been advocated 
to preserve the vitality of the pulp o~ part of it 
but no ideal solution has been found." 
During childhood and adoles ence, cariously expos ed 
pulps account for a majority of the tooth loss . The t heory 
that once the pulp was injured it must die was based on 
the premis e that the unyielding calcified walls housing 
the pulp caused self-strangulation, if inflammation, 
engorgemen t and/or infection occured . The remarkable 
defensive and reparative powers of connective ti ssues 
in general were forgotten. 3 
The extent of this problem is revealed by the s tudy 
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aone by Eichenbaum and Dunn, in 1951. By the age of three 
the primary molars of thirty six percent of the children 
had cariously exposed pulps. By age five the figure was 
up to sixty-nine percent. In the group of pati ents studied 
over the age of s ix a significant number had los t or would 
have to lose one or more permanent molars.4 
Every practicing dentist should be concerned with 
clinical procedures that counteract the tremendous loss 
2 
of teeth in young children. By doing thi s they will be 
avoiding the sequela of: malocclus ion, masticatory defici-
encies, esthetic dis turbances , a predisposition to peri odontal 
conditions and ps ychologic problems . 5 
"The major ob jective of conservative den t istry 
is the preservation of a functional tooth f~t h a 
healthy pulp. From the biologic point o f view 
every method which can keep the damaged pulp alive 
and healthy is preferable to the best root fill ing . 
A healthy pulp· also helps to keep the periapica l 
tissue alive and healthy. These statments were 
made by Hess in 1950 and may be considered a s ummation 
of his objectives of over forty years o f working 
with the problem o f retaining teeth with exposed 
pulps as functioning units." 
The forgoing s tatment s clearly demonst r a t e t he need 
for modes of pulp t herapy that will enabl e t he cari ously 
involved tooth more amenable to treatment . Dentis t s 
treating children are cons tantly faced with this probl em . 7 
The basic question i s p ot if t he pulp can h eal, but how 
this can best be accomplished . 
At the present time the ideal drug for treating 
• 
- th es e teeth has not been f ound . A s urvey of all t he 
Uni ted States and Canadian dental s chool s r evealed that 
approximatel y one half were dissatisfied with the pres ent 
material they wer e using . They wanted a material that 
3 
would : control pain ; el iminate infection ; con trol hemorrhage ; 
s timulate repair ; act as a base as well a s a capping agent 
and promote nor mal root res orption . 8 
PURPOSE OF THE STUDY 
The purpos e of this s tudy is to evaluate t h e clini cal 
and histological responses of human pulps to two medicamen t s 
acting synergisticly in a vital pulpotomy procedure . Th e , 
drugs to be us ed are metacresol a cetate ( Cres atin) and 
calcium hydroxi de ( Pulpdent ). Both drugs have been us ed 
independently in pulpotomy treatment and t heir effec t s 
have been well documented . 
Calcium hydroxide has long been k.novn to s timula te 
the healing of the pulp , and to effect the formation o f 
a reparative dentin bridge over the expos ed a rea . The 
reported rate =_of success of this treatmen t ha s not always 
been favorable . This is not due to the drug , but rather 
diagnosis , techni que or bacterial invas ion . 9 
1any f orms of calcium salts in various vehicles have 
been advocated , but Pulpden t Paste , calcium hydroxide i n 
a methylcellulose base has been r eported to produce the 
• 
most favorable pulpal response . 10 , 11 
Cresatin, has been studied more recently in relation 
to pulpotomy therapy. 12 , 13 Its basic assets are its anodyne 
and germi cidal effects. Cresatin dose not produce a dentin 
bridge, but it has been successful in preserving the dental 
pulp in a s tate of vitality following its application. 
By combining the effects of both drugs it was postulated 
that a more favorable reaction could be achieved rather 
than the application of either medicament individually • 
• 
5 
CHAPTER II 
REVIEW OF THE LITERATURE 
THE DENTAL PULP 
A prime concern with a study of this type is the 
reaction of the dental pulp to the action of th e medicamen t s . 
To understand this response a thorough knowledge o f the 
dental pulp is essential. 
The pulp is a connec tive tissue a l most embryonic , 
derived from mesenchyme of the dental papilla. It i s 
composed of: cells, fibers, ground substance , a profuse 
blood supply, nerve fibers and lymphatics. l4,l 5 ,l 6 
The ground s ubstance is a homogeneous, trans parent 
gelatinous material; with its water content hel d in a -
colloidal state . A water soluble and water insoluble 
phase has been documented. The relative amounts of these 
-
two phases vary in the same tissue under differen t physiologic 
or pathologic conditions. 17 
This ground substance i s nitrogenous acidic, muco-
polysaccharide and glycoprotein in composition. The acid 
mucopolysaccharides are amino sugars of hyaluronic acid, 
mucoitin sulfate and chondroi tin s ulfate. They are particula rly 
hydrophilic and form a viscous solution ,vhich imparts bulk 
to the pulp. 
6 
The normal permeability of the pulp depends upon 
these polymers. They are highly resistant to fluids as 
well as particulate matter including bacteria. The 
metabolism of the cells and fiber s is mediated through 
the ground substance. For the nutrients to reach the 
cells , they must first enter into s olution i n the ground 
subs tance . 18 
During periods of pulpal inflammation, thi s ground 
substance may be depolymerized by enzymes that are elaborated 
by microorganisms. The mucolytic agents responsible for 
this are; hyaluronidase , hydrolyzed hyaluronic acid and 
s ulfamucase which hydrolyzes chondroitin s ulfa te along 
with mucoitin sulfate . 19, 20 
Hormones also a ffect thi s ground substance , by 
increasing or decreasing it s permeability . Estrogen 
increases the quantity of the acid mucopolysa ccharide 
and thereby decreas es its permeability . Thyroxine produces 
the same effect. Cortis one and progesterone reduce the 
amount of mucopolysaccharides . The hormones s pecific 
role in pulpal inflammation has yet to be fully explained . 21 
It is known that glucocorticoids do reduce inflammation. 
This permi t s uninhibited growth of microorgani sms and 
1 d t 1 1 d t . 22 may ea o pupa egenera i on. 
The fibers of the pulp are primarily reticular, wi t h 
few collagenous and no elastic components . Th e fiber s 
• 
7 
seem to be alike chemically but differ in stage of maturity.
2
3 
The reticular fibers are found around odontoblasts and 
blood vessels. The intercellular spac es contain a fine 
network of these fibers that can be transformed into 
collagen. 24 
Between the odontoblas tic cell bodies reticular 
fibers are present in coars e bundles o f Korff 1 s fibers . 
They collect in bundles from the "cell poor zone" below 
and spiral upward toward the predentin. They branch out 
in the predentin and form the fibrillar framewor · of 
d t . 25 , 26 , 27 en in . 
There are two types of collagen depos ition . The 
-first is diffuse in which the collagen fibers lack defini t e 
orientation . In the sec ond large coars e bundles of colla gen 
run parallel to nerves or independently . 28 As the pulp 
ages the collagenous fibers become more abundant , but 
regardless of age the api cal portion is more fibrous than 
the coronal. 29 
The basic cell of the dental pulp is the fibro blast . 
They form a syncytium of spindle shaped cells , located 
in the central portion of the young pulp along with 
undifferentiated c ells . In the peripheral pulp they are 
unevenly distributed . There is a cell rich zon e of young 
fibroblasts , just peripheral to which is found the cell 
free zone of Weil . Lining the pulp chamber , next to the 
dentin , i s located the odontoblastic layer . 30,3l 
The odontoblast is a highly differentiated cell 
whose primary function is to produce dentin. After the 
inital deposition their activity slows as they continue 
to form dentin at_a greatly reduced rate.32 
Their morphology varies from a tall columnar form 
in the crown, to a low columnar form in the middle of the 
root, to a general flattened appearance at the apex. 
They align themselves in a palisading formation six to 
eight cells deep, along the predentin border. Odontoblasts 
form an interconnecting syncytium of cells with their 
nuclei at the inner border of dentin, with Tomes Fibers 
radiating outward. Consequently when one cell is injured -
others will be affected.33 In addition, histiocytes or 
resting wandering cells are found near blood vessels . 
They have long s lender branching processes. These cells 
8 
can change quickly into macrophages and will assume primar i ly 
a defensive role. 
Pulp tissue has a reservoir of undifferentiated 
mesenchymal cells, that can assume functions not usually 
needed. They are frequently found outside vessel walls 
appearing elongated before injury. Mature lymphocytes 
are seen under normal conditions , but are more abundant 
during periods of inflammation. Other c ells reported to 
be present are: ameboid; lymphoid wandering cells ; Mast 
cells; while pericytes may be found i n s ome blood vessels. 
.• 
• 
• 
There is a decrease in cell number as the pulp a ges , 
therefore the pulp will respond more slowl y to injury , 
becaus e there are fewer undifferentiated cells availabl e . 
The dental pulp is an embryonic-lik e tissue possessing 
a prodigous cellular res erve and ·enormous healing potential • 
This potential is reduced by anatomic features , as the 
vascular supply is limited by the small apical f oramen . 
In a single rooted tooth only one artery enters and t his 
is functionally and anatomically an end artery or arteriole . 
There i s very l it tle chance f or collateral ci rculati on .34 
The blood s upply is controlled by nerve impulses 
and humeral a gen t s . I n the center of the pulp vessel s 
become bigger and arterioles and veins may be obs erved . 
-
The veins are t hin walled and the larger of the two vessels . 
The blood supply increas es toward t he coronal porti on 
o f the pulp chamber and numerous capillaries are present 
in the sub-odontoblastic layer. A considerable number 
9 
of pulps have s ome collateral circulation that enters 
through the lateral walls , cons equently inflammatory chan es 
do not cause self strangulation.35 
The nerves enter the periodontal l igamen t and t ogether 
with the blood vessels course through the apical f ora men . 
The larger nerve trunks are found i n the r adi cular and 
cen tral portions of t h e coronal pulp. As the nerve proceeds 
toward the coronal portion o f the pulp, t h ey ramify in to 
'· 
• 
• 
• 
smaller groups of fibers radiating into the predentin . 
They often twist around blood vessels , or lie embedded 
in the loos e connective tissue bes ide t hem . These nerv es 
a re mylenated, but the sheat h appears relativel y thinne r 
than that found i n other connective tiss ue . 36 
The fibers branch off from the network and proce ed 
through the cell rich zone to the cell f ree zone where 
a nerve plexus of very fine nonmylenated fiber s anastomoes . 
They then wrap themselves around t he odontobl asts as 
k.noblike, beaded endings . Some of th e fibrils pas s between 
the odontoblas t s to t e r mi nate at the pulpodentinal junction . 
Oth ers loop back to end more centrally in the pulp . In 
..... 
each tooth both s ympathetic and sensory fibers a r e found . 
The patient can only experience t h e s ensation of pain but 
not pressure . 37 , 3B 
10 
Separating the pulp from the predentin is the pulpodental 
membrane. This appears intact as long as t he odont oblasts 
are not injured . The membr ane will di s appear if the cell s 
be come disturbed , and will then reappear when the odontoblas t s 
ali gn thems elves a gain . 39 
PULPAL INFLAJJIMATIO AND REALI G 
When the pul p tissue is disturbed by caries or trauma , 
an infl amma tory response is evoked . Both viabl e and nonvi abl e 
• 
• 
irritants can produce this reaction. Viable irritants 
differ from nonviable ones in that they bring with them 
additional biochemical substances which could alter the 
inflammatory respanse.40 
When the pulp is stimulated to this degree, the cells 
and matrix are damaged, producing an increased cell perm-
eability or cell membrane rupture. On such occassions, 
1 1 
the escaping elements inturn alter permeability of surrounding 
cells, and the function of the immediate area. Further 
away from the site of damage the same elements that cause 
degeneration at the point of irritation are stimulatory 
to the more distant cells. This is caused by hyaluronidase 
-
or histamine and histamine-like substances. This phenomenon 
affects both cells and capillaries. The blood vessels 
first constrict then dilate due to chemical alteration 
of the tissue. Blood flow is slowed and there is migration 
ot blood contents to the extra-capillary spaces. If the 
slowing of the blood flow is marked, stasis occurs and 
necrosis can result. Swelling proliferation of endotheal 
cellar increased stickiness and roughness of the capillary 
walls are controlling factors in this d·eceleration. 4 l ,42 
This process results in an exudate which extends 
into the extra-capillary space. The exudate is composed 
of a lymph like fraction (plasma, urea, fibrin forming 
elements, lipids, mucin, antibodies, enzymes, antienzymes 
• 
• 
• 
• 
• 
• 
. 
' 
: 
• 
• 
• 
-· 
and hormones), and formed elements: polymorphonuclear 
leucocytes, they phagocytize and liberate enzymes when 
the cells die; macrophages, are directly related to the 
pH ot the exudate, and are also phagocytes; lymphocytes, 
are characteristic cells of all chronic inflamaation. 
They are concerned with antibody formation, and along with 
plasmacytes form the "round cell" infiltration. They 
appear as the pH turns acid. Eosinophiles are occassionally 
seen in chronic inflammation. Erythrocytes and platlets 
appear in amaihl numbers.43,44 
Fibrin appears early in the inflammatory process, as 
12 
a response to leukotaxine. It fixes the irritant mechanically 
and allows time for leukocytes to infiltrate the area. 
As a result of the protolytic action of the leukocytes 
this will later disappear.45 
Odontoblasts are the first cells involved in the 
inflammatory process. Under normal circumstances continuous 
uninterrupted contact between odontoblasts gives them 
a fence-stake .arrangment termed palisading. As a result 
the protoplasm of the nuclei at the predentin border gives 
the appearance of being an intact membrane, and simulates, 
although it is not actually, a basement membrane. This 
is known as the pulpodental membrane. With the first 
stages of inflammation capillaries that were not observable 
can now be seen in the odontoblastic layer. Leaking of 
. . 
• 
• 
r r 
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. . 
• 
• 
fluid into the surrounding tissue, stasis, thrombosis, 
spearation from dentin and underlying tissue follow in 
that order. The inflammatory exudate creates pressure 
on the odontoblasts that results in cell death.46 The 
inflammatory reaction and odontoblastic response seem 
to be inversly related. This interaction is important 
in determining whether the pulp will heal or become 
necrotic.47,48 
The diagnosis of this inflammation presents a major 
problem in the treatment plan of the involved teeth. The 
objective and subjective signs of the patient are very 
important. 
A previous history ot pain is significant. The 
severity ot this pain and the inflammation dees not vary 
directly. This can be illustrated by severe inflammation 
which is related to drainage that does not produce pain. 
13 
Pain does correlate with: the patients previous experience 
and ethnic background. The patients response to various 
thermal stimuli is not associated with specific types of 
pulpal inflammation. Pain on percussion indicates involvment 
of the periodontal membrane from either pulpal or periodontal 
disease. 
With a chronic inflammation pain can be induced by 
heat or cold. It this is due to operative procedures 
symptoms may not be elicited. Apical rareification may 
be observed on the radiograph with chronic inflammation. 
There is a poor correlation between pulp testing 
and the state of the pulp. 
The presence of dilated vessel s does not necessarily 
indicate a specific pathologic state. Hyperemia is merely 
a condition in which the blood vessels are enlarged during 
the inflammatory response. To a certain degree this is 
a reversible reaction.49 
James and coworkers have classified pulpal inflammation 
following pulpotomy proceedures. 
1. Mild inflammation with a slight infiltration 
of inflammatory cells below the area af amputation. 
2. Moderate inflammation, when there is a collection 
of inflammatory cells below the area of amputation, but 
walled off from the underlying pulp by a connective tissue 
barrier. 
3. Moderate ta severe inflammation. Inflammatory 
cells have broken through the connective tissue barrier 
and penetrated deeper into the underlying pulp tissue. 
4. Severe inflammation: extensive penetration of 
inflammatory cells through the connective tissue barrier 
into the underlying pulp, but with some vital tissue 
remaining. 
The pulps are considered to be necrotic when the 
necrosis extends into the apical area and an apparent 
14 
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absence of any remaining living tissue can be seen.50 
When the pulp has reached a state ot inflammation 
measures must be instituted to restore it to good heal.th • 
"healing may be defined as the restoration of 
a tissue to its normal structure and function." 
"In applying this definition to the pulp healing 
means the presence of healthy tissue capable of 
carrying on the function of the pulp, a continuous 
odontoblastic layer, and the erect;~n of a dentin 
barrier walling off the exposure." 
The odontoblasts are the prime defense mechanism of 
the pulp. They respond to irritation by secondary dentin 
formation. The ability or this connective tissue to heal 
constitutes the rational for attempting vital pulp 
therapy.52 
In order for the pulp to heal, the existing irritation, 
usually bacterial, has to be removed. During this process 
the introduction of additional infection and surgical-
chemical trauma must be avoided. A seal should then 
protect the wound from the oral environment. A biological 
dressing that will encourage natural growth and healing 
is desired.53 
The healing process begins at the periphery . or the 
15 
pulp. Fibroblasts proliferate, inflammatory cell infiltration 
and mucopolysaccharides acumulate. This is fallowed by 
collagen deposition, and scar formation in the form of 
reparative dentin. Granulation tissue then invades the 
cell free zone.54 
, 
• 
• 
• 
Associated with inflammation or the pulp is concomitant 
formation of secondary dentin. If the external stimulus 
is rapid and severe enough to destroy many of the underlying 
odontoblasts, the pulp tries to replace them by moving 
to the region young cells which have the potential of 
differentiatinn, thus being capable of elaborating new 
dentin.55 
PULPOTOMY TREATMENT 
A brief description of what the pulp tissue is and 
what happens to it during inflammation presents the basic 
question: what can be done when this situation occurs? 
Pulp capping: This is based on the premis that a 
healthy pulp tissue will survive small injuries, even if 
a few bacteria are present.56 
Partial Pulpotomy or Pulpal Curettage: This is the 
removal of only the infected portion of the coronal pulp. 
The term curettage was first proposed by Chatterton in 
1950. It is a proceedure to remove foreign bodies, growths 
or other matter from the walls of a cavity.57 This is 
not indicated because the· operator can not visually or 
by clinical judgment accuratly differentiate between 
infected and non-infected tissue.58 
Total or complete pulpotomy: The surgical removal 
of the entire contents of the pulp chamber to the entrance 
16 
!. . ' 
of the root canal(s).59 
"The amputation or a part or the dental pulp is 
widely used in pedodontics to preserve the vitality 
of primary and young permanent teeth whose pulps 
have been injured and exposed by trauma, caries 
or during operative procedures. The infected or 
contaminated portion of the pulp is amputated 
surgically under aseptic conditions and covered 
with a suitable dressing to permit the remaining 
portion to heal and to form a protective calcitic 
bridge ot nww, secondary dentin under the dressing. 
When this is accomplished, the vitality of the tooth 
is preserved ~8 loss or the tooth by ext~action 
is prevented." 
Pulpectomy: Complete removal of the pulpal tissue.61 
The indications for pulpotomy treatment are; permanent 
teeth with incompletely formed root ends exposed by dental 
caries or by trauma. The pulpotomy is the treatment or 
choice rather than endodontic therapy, in primary teeth. 
In patients with a history of rheumatic heart disease, 
this is a safe procedure. Beecher, Laston and Garbarino 
in 1956, found that a bacteremia was not produced •62 
The body defenses will try to heal the dental pulp 
as it would with any other tissue of the bl>dy. If there 
is a break in the continuity of the epithelium, n·n tissue 
will form. Similarly if the pulp is exposed, we should 
expect under optimalccondtions, a repair which will protect 
it from destructive stimuli. The goal in pulp therapy 
should be a tissue which continues to live and function 
normally, even though once exposed to bacterial and toxic 
invasion.63 
17 
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Necrosis is not likely to occur more frequently after 
pulpotomy treatment than any other. The necrosis was 
probably ~resent at the time of the procedure. If criteria 
were established for selecting teeth with high pulpal 
vitality the number of irreversible pulpal responses 
(necrosis) following treatment could be reduced. 64 
To keep the remaining pulp tissue healtllY by pulpotomy 
has not always been, nor is it necessarily today, the 
18 
goal of the dentist. In 1937 Hoffman divided the development 
of vital pulp amputation into three eras: "Empirical 
Era" before 1878, "Antiseptic Era" 1878-1921, "Aseptic 
Era" 1921-1937, "Experimental or Biological Era" to the 
present time. 65 
As the word empirical implies, pulp treatment during 
that era was based on clinical experience solely, without 
much reference to scientific principles. Various medicaments 
were employed with little or no controlled experimental 
evidence to substantiate their healing capacity.66 
Philip Pfaff in 1756, used gold foil to cap pulps. 
This is not illogical, since certain metallic splints 
are used effectively in treating bone fractures today.67, 68 
Other clinicians attempted to cautrize or use caustics 
on pulp tissue. Allen (1866) stated that the pulp could 
not be fully cured because it is inclosed in a hard, 
unyielding mas~ of dentin. This fallacious statment is 
being repeated today.69 
Louis Jack in 18?3 contradicted this statment. He 
maintained it was possible to seal off exposures and form 
secondary dentin. "Is an organ impatient to treatment 
and incapable ot obeyiJlg the laws, which, everywhere else 
in the animal economy do not fail to assert their power 
to secure the ends of self' preservation and repair?"?O 
Codman, Branch, Cutler and Hopewell-Smith all concurred 
with Jack. All of these investigators claimed secondary 
dentin was formed.7 1 
The often quoted pulpal treatment of Hunter, in 
1883, demonstrated the progress and scientific achievements 
of that era, in dentistry. 
Rx-- Sorgum molassus-- one pint 
Droppings of the English Sparrow-- one pound 
M. et ft. Mistura 
Sig. For pulp capping72 ,73 
The next significant change was by Witzel in 1874. 
He applied Lister's technique of' as.psis to p*l.p therapy. 
Witzel's theory was to remove the infected portion of 
the pulp and use phenol to destroy the bacteria that were 
present.74 
In 1899 a major alternative in the approach to pulp 
therapy was proposed. Gysi suggested "mummification 
paste" or triopaste containing: arsenic, paratormaldehyde 
and cresol. This combination of drugs resulted in complete 
devitalization ot the pulp.?5 Two diametrically opposite 
theories had been established. One advocating that the 
remaining pulp tissue be allowed to heal and rehouse 
itself in a sound dentin shell. The other to destroy 
the invading organisms along with the remaining pulp 
tissue, thereby maintaining the tooth as a functioning 
unit o! the dental arch. These different approaches to 
therapy, even today, have th·•ir advocates and detractors. 
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Innumerable materials and modalities have been employed 
in pulp therapy: antibiotics, inert materials, powdered 
ivory and dentin, phenol, elect~ocautery, etc. All have 
met with a varying degree of reported success, depending 
on: technique, validity of the experiment and the 
investigators criteria of success, i.e. clinical, radio-
graphic and/or histological. 
Calcium hydroxide and calcium compounds comprise 
a major group of drugs employed in vital pulp therapy. 
Hermann first used a form of calcium hydroxide (Cal:xyl) 
in 1920. It was made up or a base or calcium hydroxide 
with sodium chloride, calcium chloride, potassium chloride, 
sodium bicarbonate and magnesium.76,??,?B Histologic 
sections of treated teeth demonstrated healthy pulps 
protected by a dentin bridge. 
In 1938 Teuscher and Zander introduced calcium hydroxide 
to the United States. '!'heir histologic reports confirmed 
complete dentinal bridging with a healthy radicular pulp.79 
Since that time numerous studies have been performed using 
various forms of calcium compounds with various techniques. 
'!'he results have varied from a 68.9% failure rate to 
almost 100% success. This wide range of differences shauld 
be reviewed with great care taking into account: selection 
of teeth; technique employed; the clinicians skills; 
the criteria tor success or failure and the materials 
used. Many clinicians condemn the method or material 
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employed for the success or failure of a pulpotomy. Certainly, 
an essential factor is the ability or inability to properly 
select cases. 80, 81 If the operator knew the . Stent of 
degeneration and inflammation in a given tooth he could 
predict, more accurately, the possibility of successful 
healing. Noonan stated "the exact nature of the pulp 
can not be determined with the present-day pulp tester, 
or radiographs; until more accurate means are developed, 
there will be tailures.n82 
'!'here are some guide lines that have been established 
to aid the dentist in his selection of cases. 
'!'he presence of excessive hemorrhage at the site of 
exposure or amputation is associated with extensive 
inflammation. 
A history of pain; unprovoked, on percussion or due 
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to thermal changes, all are associated with a poor prognosis. 
Internal resorption, calcific bodies near the area 
or exposure, radiolucent areas ot the furcation or peri-
apical areas, all contraindicate vital pulpotomy 
procedures.83,B4,B5,86 
It can be concluded from the previous statments 
that an inflammation of the pulp will cause failure in 
the vital pulpotomy. Bacteria are the primary reason 
for the inflammation and failure. 87 The integrety of an 
exposed dental pulp can be maintained after severe injury 
only in the absence· of bacterial infection.88 
There are additional factors, along with asepsis, 
that affect the results of the vital pulpotomy. The 
introduction of dentin spicules into the pulp produces 
inflammation, accumulation of lymphocytes and plasma cells. 
They are associated with a foreign body reaction. The 
severity of the inflammation seems to be proportional 
to the total surface area of the dentin chips present. 89,90,9l 
"A cGntinuous and intact sealing of the dentinal 
cavity is probably more important for the successful 
healing of the pulp and the formation of a complete 
bridge of reparative dentin than the type of medicament 
used to cover the pulp stump provided, of course, 
that the latter is not injurious to the pulp •••• " 
When the pulp fails to heal, the questions which should 
be asked are: •was tlla pulp too severly damaged 
prior to treatment and therefdre~incapable of healing?' 
•was the medicament used harmful to the pulp and 
to the pulpal healing?' •was the sealing of the pulp 
adttquate to prevent marginal leakage and salivary 
contimination?' u92 
,J 
• • • • 
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When reviewing the results of other techniques and 
studies these criteria must be kept in mind. An example 
ot this problem is the work of Via in 1955. He reported 
only a 31.1% success rate with calcium hydroxide pulpotomy 
treatment. A careful review ot his study revealed that 
a bur was used to remove the pulp tissue. This could 
,have introduced dentin chips into the pulp canals. 
Anesthetic solution was injected into the pulp chamber. 
Phenylephrine 1:500 was used to control hemorrhage. The 
criteria for success was evidence of the formation of a 
dentin bridge on the radiograph.93 
Via's consideration of dentin bridge formation 
radiographically as a criteria of success is questionable. 
Brinden demonstrated more bridges clinically than radio-
graphically. Law in 1956 didn't consider radiographic 
evidence of a bridge essential for success. A number 
of his cases had remained healthy and functional for years 
without apparent bridging. Zander in 1939 stated that 
even if bridging took place, inflarnrnation could continue 
at a deeper level within the pulp resulting in subsequent 
degeneration.94 
Shoemaker in 1955 had a 55% success rate with calcium 
hydroxide pulpotomies in permanent teeth, and a 32% success 
with primary teeth. He used zinc phosphate cement as a 
sealing agent, which may explain his poor results.95 
The favorable results reported with calcium hydroxide 
are very numerous and give strong evidence of its 
beneficial effects. 
The exact mechaaism of calcium hydroxide's effect 
on the pulp, its healing and formation of secondary dentin 
are still not clear. The calcium content of dentin 
Ca10CP04) 11 (0H) 2 is similar to that of bone and the 
solubility of this calcium phosphate is a constant. The 
blood normally contains the cal.cium and phosphate ions 
in a saturated or supersaturated form. The formation 
of secondary dentin and the deposition of ca3CP04)2 into 
the organic matrix has been explained by Robinson. His 
theory is that an enzyme, phosphatase acts on organic 
phosphate in the blood and sets free inorganic phosphates. 
A precipitate of calcium phosphate results which slowly 
continues to form. The high pH of the calcium hydroxide 
increases this precipitation of more calcium phosphate. 
It has been postulated that the calcium from the calcium 
hydroxide is incorporated into the secondary dentin which 
is formed. After a few weeks no trace of the original 
calcium compound can be found.96,97 
. 
More recent studies, by Attalla and Nowjain, with 
autoradiography, indicate that ca45 ions diffuse through 
the dentin tubules of the remaining primary dentin, but 
don~t participate in .the formation of reparative dentin. 
From this report it can be concluded that the calcium 
• 
•I 
in reparative dentin doesn't originate from the capping 
material.98 
Sciaky and Pisanti also performed autoradiographic 
studies and discovered that the Ca ions from the calcium 
hydroxide dressing do not enter into the formation of the 
new dentin bridge. The calcium necessa17 for calcification 
is therefore pro~ably derived from the pulp tissue.99,lOO 
In another report there were indications that some 
of the locally placed calcium ions may become embedded, 
entraped or become an integral part of any new or calcified 
material. Approximately 25% of the sections studied, 
suggested that the radioactive calcium hydroxide placed 
in the coronal portion of the pulp was transported to 
another site by some biochemical means. 101 
The exact mechanism of the reaction is unknown. 
It is known however, that with most calcium hydroxide 
materials the remaining pulp tissue will heal and a new 
dentin bridge will form. 102 ,103 
Within the first twenty four hours following the 
application of calcium hydroxide, there is a superficial 
necrosis of the pulp tissue in contact with the medicament. 
This necrotic area is demarcated from healthy pulp tissue 
by a new, deeply staining zone, comprised of basophilic 
elements, probably made up of calcium proteniate. The 
protineate globules probably represent the depth to which 
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the calcium hydroxide penetrated and reacted with the 
tissue proteins. 104-l06 
Two weeks after application healing has started. 
Under the zones present, there is a new area of coarse 
fibrous tissue aimilar to primitive or f~.brous bone. 
This is early partially calcified dentin. Odontoblasts 
appear to be lining the periphery of this tissue. The 
pulp below is normal and free from inflammation. 10?-l08 
mie superficial necrotic layer dissipates by four 
weeks. The protineate zone is still present, and there 
is a well defined zone of dentin below which the pulp is 
normal.l09-llO This reaction can be altered by the age of 
the patient, systemic influences and various medicaments 
used.111-112 
Glass and Zander employed pure calcium hydroxide 
26 
for this study. Experiments performed with three commonly 
used calcium products; Pulpdent, Dycal and Hydrex reveal 
that there is a time difference when the aforementioned 
reactions will occur. 113 Dentin bridge formation varied 
considerably and in some specimens was completely absent. 
The majority of the evidence supported the use of calcium 
hydroxlde incorporated in a methylcellulose base. This 
combination, (Pulpdent Paste) gave the best results treating 
the exposed pulp. 11 4-ll? 
The aajor cause of pulpotomy failure, as was stated 
earlier, is microorganisms infecting the pulp tissue. 
Therefore, it a drug could be used together with the calcium 
hydroxide, to combat this bacterial infection a better 
chance of success may possibly be achieved. 
Cresatin is the acetic acid ester of metacresol 
It is a: clear, colorless somewhat oily liquid, stable 
and uniform in strength, and can be heated to high 
temperatures without decomposing. 11 8-122 It is readily 
soluble in organic solvents and almost inaoluble in water. 
Metacresol acetate has a low surface tension of 37.7, 
enhansing its antibacterial effects. It has a character-
istic spicy odor which is rather persistent. Cresatin 
• 
doesn•t coagulate albumin and is nonirritating to the 
tissues used full strangth. 
Metacresol acetate has two major properties of value; 
it is germicidal and analgesic, without irritating or 
escharotic action. Replacing the Hin the active OH 
group of the acid radical diminishes toxicity and increases 
the germicidal efficiency. 123 A germicide is a drug that 
can be safely used on living tissue, destroying pathogenic 
bacteria Jbi'the shortest period of time, without arresting 
the vital reactions of the tissue. The factors affecting 
the germicidal properties of a substance are: absolute 
contact, time during which contact is maintained and 
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the sufficient concentration ot the drug employed. 124 
Disinfection in principle is a process very similar 
to that of staining microorganisms. Surface attraction 
is directly related to the ease with which they are stained. 
Staining and disinfection are distinguished only by the 
fact that, in the latter instance the absorbed substance 
exerts a particular poisionous action on the microorganism. 
A germicide that lowers the surface tension of the 
medium tends to concentrate on the surface. It thus 
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becomes more destructive to organisms because more molecules 
are attracted to the surface of the organism by absorption, 
and there is a more rapid diffusion through the cell membrane. 
Any factor which might increase the number of molecules 
of the germicide in contact with an organism at a given 
meaent, or which will accelerate their diffusion through 
this membrane would increase its bactericidal efficency. 125 
It is possible that Metacresol acetate's low surfac• tension 
and its ability to wet surfaces readily is the primary 
reason for its reported clinical success. As it becomes 
hydrolized, there may be a very slow release of metacresol, 
which has a phenol coefficient against Bacillus Typhosis 
of 2.4. The Phenol coefficient is a comparison made between 
d•s with phenol used as a standard. 126 
The germicidal property of a drug is of little value 
if it is also irritating. All the tests performed with 
metacresol acetate demonstrate that it produces little 
or no irritation of connective tissue. 127-129 Although 
symptoms of inflam•ation may vary slightly, depending on 
the tissue in which it is found, the basic elements of 
inflammation are the same regardless or the animal or 
area chosen for study. 130 
The anodyne properties of a drug are also related 
to this phenomenon. The common dental anodyne, eugenol, 
was round to be highly irritating. Anodynes have various 
modes of action and pain relief is not synonomous with 
freedom from inflammation. 131 
Metacresol acetate has been used in the fields of 
otolaryngology and endodontics tor a long time. Its use 
in infections of the upper air passages, acute follicular 
tonsillitis, atrophic rhinopharyngitis and other similar 
infections dates back to 1940. 132 
Clinical evidence shows that metacresol acetate, 
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when used alone as an intradental medicament, was unsurpassed 
in terms of the absence of pain or swelling following 
complete debridement of the canals when the bacteriological 
cultures proved to be negative. 133 Its slow solubility 
gives it a prolonged action since the drug is not rapidly 
exhausted. 134 
Cresatin as the only medicament for pulpotomy treatment 
for primary teeth was first reported by Sandler and coworkers. 
He sealed the drug into the coronal portion of the pulp 
with a temporary filling of 8avit. At a subsequent visit 
this was removed and a permanent restoration was placed. 135 
There was vital tissue remaining in the apical third 
of the root in 84% of the eases treated. In 56% of the 
cases there was inflammation of the pulp tissue. 136 These 
results may be due to leaving the Cresatin in the canal 
for an extended period of time and the use of a temporary 
filling material. 
In a subsequent study done by Robinson, Cresatin 
30 
was placed on the pulp for five minutes, then a zinc oxide 
and eugenol mixture placed with a permanent res~oration 
immediately. Vital tissue was present in 85% of the cases 
studied. There was an inflammatory reaction present adjacent 
to the amputated pulp which decreased markedly in the middle 
and apical thirds of the pulp. This was seen in 80% of 
the specimens. 137 This inflammation may be due to the use 
of a zinc oxide and eugenol base. 138-l40 
~f these previous reports are taken into consideration 
it was postulated that it would be beneficial to combine 
the powers of calcium hydroxide and metacresol acetate. 
In studies combining phenol and calcium hydroxide, it 
was demonstrated that phenol did not interfere with the 
healing process of exposed pulps capped with calcium 
hydroxide. 141 
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The use of calcium hydroxide and metacresol acetate in 
combination, on rat molars, was reported by Koslov and 
Massler. 142 The pulps of the animals healed well after 
fourteen days and there was a small zone of inflammation, 
well encapsulated by a narrow, but dense layer of calcific 
fibers. Beneath this area was a wide bridge of regular 
reparative dentin formed centrally and laterally to the site 
of amputation. The pulp below was normal with no inflam-
matory cells visible. 
Weiss used the two drugs in combination in a clinical 
study. A paste was made of analytical grade calcium hydroxide 
and metacresol acetate to the consistency of wet sand. 
This mixture was used as a pulp capping material on cariously 
exposed teeth of adult subjects. Reparative dentin was 
seen over the exposure site within fourteen days. Beta-
cresol acetate added to calcium hydroxide appears to accel-
erate the rate of healing in older patients. 143 
H:l.s histological studies revealed that after seven 
days there was no signs of inflammation or hemorrhage 
adjace~t.to the exposure site. There appeared to be the 
beginnjng organization of calcified material. At fourteen 
days a definite band of calcified material separated 
the exposure from the main body of the pulp. 144 
In a latar study by Weiss and Bjoruent, pulp capping 
was performed in primary and newly erupted permanent teeth 
were studied. 145 After one week a well demarcated border 
or fibrotic cells was seen between the medicament and normal 
pulp tissue. There was only a narrow necrotic sone under 
the puJ.p capping material, and a thin border 0f "fixed" 
cells between the necrotic zone and the normal pulp. 
After four to five weeks this thin border became a 
definite calcified bridge or reparative dentin, separating 
the medicament and vital pulp with a line of normal odonto-
blasts on the pulpal side. 
It should be noted that bridging occurred earlier 
in monkeys with metacresol acetate and calcium hydroxide 
then with calcium hydroxide alone. 
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CHAPTER III 
METHOD AND MATERIALS 
CLINICAL PROCEDURE 
Fifty-six primary cuspid teeth were employed in the 
clinical, radiagraphic and histological evaluation of 
this study. All specimens were to be removed in the 
course of orthodontic treatment. 
Caries, abrasion and erosion can induce various pulpal 
lesions. To avoid superimposing these responses on the 
experimental procedure, the teeth used were noncarious 
and intact. It is recognized that the pulpal response 
in such teeth is exaggerated as compared to those of teeth 
whose pulps are protected by irregular dentin formed in 
a response to caries. 146 
Only primary cuspids were selected because comparable 
average tooth size for each experimental catagory should 
be maintained in order to minimize any possible bias in 
the results. 147 
Certain requirments for selection were considered 
essential, but it was understood that clinical difficulties 
can prevent the strict adherence to these rules. 
Only children who could contribute two or more teeth 
were accepted. If two teeth were available they were 
categorized as one control and one experimental. If 
more than two teeth were used from one subject, permutations 
of the method were performed. 
Comparisons were restricted to teeth extracted at 
the same sitting. Some of the control teeth were removed 
along with the test teeth each time that extractions were 
performed. 
Extractions were performed as nearly as possible 
at stated intervals. This was jone so that the needed 
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sample size could be reduced. Extractions whenever possible 
were at fixed intervals, but patients not appearing at desig-
nated times was not uncommon. Averages were used around 
these fixed periods. 148 
A sufficient number of teeth were used so that biological 
variations of human pulp response were minimized. These 
teeth were extracted at three different postoperative 
time ·intervals. 
By varying this time a dynamic sequence of events 
rather than static apprasial of morphologic alterations 
.:Ya& provided. After two months the microscopic picture 
is usually sufficiently defined for the inYestigator to 
appraise realistically the eventual prognosis of the 
pulp. 149 
Preoperative Evaluation: 
A medical and dental history was taken. 
Complete series of periapical and bitewing radiographs. 
Teeth not having two-thirds root formation or any 
visible pathology were not employed. 
Operative Procedure: 
A sterile and uniform technique was used at all 
times. 
A topical anesthetic and local anesthetic (xylocaine 
with epinephrine 1:100,000) was employed. 
A rubber dam was placed isolating only the selected 
tooth. The tooth, rubber dam, clamp and operative area 
were swabbed with tinted tincture of metaphen followed 
with seventy per cent isopropyl alcohol. 
The cavity preparation, on the facial aspect of the 
canine was prepared with a number #35 inverted cone bur 
with a high speed air-water-cooled spray. When the proper 
outline was achieved and the proximity of the pulp horn 
reached, the bur was changed to a sterile number #2 round. 
The facial aspect of the pulp chamber was outlined, being 
careful not to perforate the dentino-pulpal membrane, 
thereby detaching the facial wall of dentin. 
The tooth was then flushed with sterile distilled 
water from a syringe. 
35 
All hand instruments and disposible supplies had been 
autoclaTed and after entering the tooth with them any 
subsequent reentry was preceded by their placement in 
a bead sterilizer. 
The coronal pulp was then excavated with a sharp, 
long-shanked spoon excavator. The excavator was slid 
between the pulpodental membrane and the dentin along 
the lingual wall of the chamber, then across the floor, 
severing the coronal pulp from the pulp canal. 
After amputation was completed a sterile moistened 
cotton pledget was placed over the stump for . five minutes 
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to control hemmorrhage. If the hemorrhage was not controlled 
in this time period, barring the presence of tissue remnants 
which had not been removed, it would indicate some type 
of hyperemia and the tooth was discarded from the study. l50 
A cotton pellet was then placed in Cresatin, the excess 
being expressed on a 2x2 gauze pad. This was placed in 
the pulp chamber with light pressure, being sure it was 
in contact with the pulp tissue. The Cresatin was left 
in place for five minutes. 
The cotton pellet was then removed and Pulpdent Paste 
• 
was then flowed over the pulp chamber from a Jiffy tube. 
The Pulpdent is smooth in texture, tenaceous, cohesive 
and adhesive. It will not become disloged from its 
position and will not repel a cement base. 151 
• 
In the control teeth a methylcellulose paste made 
with sterile distilled water was used instead of the 
Cresatin-Pulpdent mixture. 
A fast setting sine oxide and eugenol material was 
flowed over the capping agents to fix them in position 
and provide a suitable base for amalgam condensation. 
The walls of the cavity were swabbed with Copalite and an 
amalgam restoration was placed, condensation being directed 
lingually, not apically on the pulpal tissue. 
The teeth were extracted at various time intervals. 
The first being fourteen days after the procedure. This 
was done to evaluate the immediate pulpal response. The 
composition of the inflammatory cells may change during 
the first fourteen days, but the severity of the response 
does not necessarily diminish significently during this 
period. 152 
The second series of extractions were accomplished 
at twenty-eight days and the third series at sixty days. 
Prior to extraction of the teeth: 
History of postoperative pain or discomfort 
Increased sensitivity to thermal changes 
Tenderness to percussion 
Excessive mobility 
Loss of peripheral integrity of the restoration 
• 
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Abnormal change in the adjcent gingival tissue 
Presence of a fistula 
Radiographic examination: 
Pathologic root resorption 
Internal resorption 
Sclerotic pulp canals 
Pulpal calcification 
Continuous lamina dura. 153 
Local anesthesia was administered and the teeth were 
extracted as atraumatically as possible. The extracted 
teeth were held in a moist 2X2 and the root tip was cut 
off to facilitate fixation of the pulpal tissue. Prompt 
fixation of the pulp in a bottle of ten per cent formalin 
represents the most important step in the entire histo-
pathological procedure. The tissue immediately fixed 
at the apical foramen may delay penetration of the fixative 
to the tissue lecated further coronally. 154 
HISTOLOGICAL PROCEDURES 
Specimens were fixed in formalin for seven days. 
Teeth were then decalcified in hydrochloric acid with 
a chelating agent (Decal), which was changed at least every 
forty-eight hours. The usual staining characteristics 
of the tissue remains the same, whether the teeth are 
in the acid any length of time. 155 This should and was 
done for five days. 
The specimens were washed in running water for twenty-
four hours. 
The specimens were placed through a series of dehydra-
tions: 
80% alcohol: 48 hours 
95% alcohol: 24 hours 
95% alcohol: 24 hours 
absolute alcohol: 24 hours 
absolute alcohol: 24 hours 
Specimens were then washed in xylol twice for one-half 
hour each time. Subsequently the specimens were put through 
the paraffin series: 
Paraffin-xylol 1 hour 
Paraffin-xylol 1 hour 
Paraffin-xylol 1 hour Paraffin over 
Paraffin-xylol 1 hour 56°-58°c. 
Paraf'f'in-xylol 1 hour 
The specimens were embedded in paraffin blocks and 
sectioned with a microtome to a thickness of eight microns. 
Slides were stained with Hematoxylin and Eosine or 
the Goldman-Bloom trichrome stain, a modification of the 
Mallory Stain. 
The slides were then analysed and photographed for 
the histopathologic evaluation. 
MATERIALS 
Kodak ultra-high speed x ray film (0 size) 
Topical anesthetic 
Xylocaine (epinephrine 1:100,000) 
Rubber dam clamps 
Rubber dam frame (Youngs) 
Rubber dam punch 
Rubber dam 
Dental floss 
Sissors 
Tincture of metaphen 
70% isopropal alcohol 
Evacuation tip 
Autoclave 
Saliva ejector 
#23 Explorer 
Mirror 
Cotton pliers 
High speed hand piece 
Syrings 
Sterile cotton pellets 
Sterile 2x2 gauze pads 
Burs (#35, #2) 
Spoon excavators (Long shanked) 
Glass bead sterilizer 
Cresatin 
Jiffy tube 
Pulpdent Paste 
Methylcellulose 
Cavitec applicator 
Fast setting zinc oxide eugenol (Cavitec) 
Sterile distilled water 
Glass Slab 
Spatula 
Plastic instrument 
Cavity varnish (Copalite) 
Alloy and mercury 
Amalgamator 
Amalgam carrier 
Amalgam squeeze cloth 
Amalgam plugger 
Amalgam carver (Wards) 
Straight elevator 
Periosteal elevator 
Forceps (#150, #151) 
Ten per cent formalin solution 
Bottles for fixation of specimens 
Histologic and photographic supplies 
CHAPTER IV 
RESULTS AND DISCUSSION 
Twenty-seven patients; twelve girls and fifteen 
boys, ranging in age from six years five months to ten 
years one month, were subjects for this experiment. 
CONTROL GROUP 
A mixture of methylcellulose and sterile distilled 
water were the control agents. The pulpotomy procedure 
and restoration of the tooth were performed identically 
for both control and experimental teeth. 
A total of twenty-four primary cuspids were used 
for the control group. Two of these teeth were not 
recovered. 
All of the specimens were considered clinically 
successful on the basis of no evidence of: pain or 
discomfort; increased sensitivity to thermal changes; 
tenderness to percussion; excessive mobility; loss of 
peripheral integrity of the restoration; abnormal changes 
in the connective tissue; or the presence of a fistula. 
The duration of treatment for the control group 
ranged from fourteen to ninty-one days. 
TABLE 1 
NUMBER OF SPECIMENS AND DURATION 
OF MEDICATION WITH METHYLCELLULOSE 
AND STERILE DISTILLED WATER 
Number of 
Specimens 
Duration of 
Medication with 
Methylcellulose 
and sterile 
distilled water 
in days 
1 
1 
3 
2 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
27 
28 
30 
34 
39 
56 
57 
59 
61 
62 
64 
71 
72 
83 
1 
Radiographically the teeth were considered successful 
if there was no evidence of: periapical radiolucency; 
thickening of the lamina dura; or internal resorption. 
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Two teeth (13A and 9B) demonstrated internal resorption. 
This was so extensive in (13A), that the complete middle 
portion or the root was resorbed, leaving only the coronal 
and apical thirds in position. It can be concluded that the 
methylcellulose pulpotomy is ninty percent successful 
·-· ~ . 
. . . . . . . . . . . . . . 
on a radiographic basis. 
The most common histolag:leal findings have been 
grouped under the following headings: presence or absence 
of vital tissue; presence or absence of inflammation; 
internal resorption; and calcific deposits. 
Presence or Absence of Vital Tissue: 
Ninteen of the twenty-two teeth studied had vital 
pulp tissue. Specimens (13A, 15A and 19A) were devoid 
of any vital pulp tissue on histological examination. 
One of the teeth (19A) had no coronal pulp tissue present 
at the time of the treatment procedure, since there was 
an absence of soft tissue or hemorrhage when the pulpotomy 
was performed. The tooth was treated and remained intact 
until the time of recovery. Eighty-six per cent of the 
control teeth exhibited vital pulp tissue. 
Presence or Absence of Inflammation: 
Seventeen of the twenty-two teeth demonstrated varying 
degree of inflammatory response. Three of the specimens 
(2C, 4c and 4B) exhjbited a chronic inflammatory reaction 
in the coronal third of the root canal. The reaction 
consisted chiefly of lymphocytes, plasma cells and 
macrophages. 
Six of the teeth were recorded to have a severe 
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chronic inflammatory reaction at the amputation site. 
The remainder of the pulp tissue was healthy. 
Ten control specimens displayed only a slight 
inflammatory reaction at the site or amputation. 
Three specimens exhibited a few scattered inflammatory 
cells. This reaction can be considered normal. Therefore, 
the histologic evaluation revealed that the degree of 
inflammation varied inversly with time. The most severe 
amount of inflammation occured within the first two weeks 
of treatment. The inflammatory response was then resolved 
and the pulp returned to its former healthy state in all 
of the vital specimens. 
The Presence of Internal Resorption: 
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Four of the control teeth exhibited internal resorption 
(6A, 23A, 4B and 9B). This does not include (13A) which 
was not studied histologically. The resorption was demon-
strated along the lateral walls of the canal and was not 
limited to any one portion of the chamber. This was first 
noted in specimen (4B) after thirty days of treatment. 
It can be concluded that internal resorption was 
present in twenty-two per cent of the teeth studied. 
The Presence of Calcific Deposits: 
Calcific deposits were recorded in five of the specimens 
studied (4A, 9A, 11A, 24A, and 25A). The first evidence 
occurring at fifty-three days. Three of the teeth demon-
strated the deposits at the amputation site, while two 
specimens revealed the deposits in the middle third of the 
root canal. This was evidenced in fifty per cent of the 
teeth studied after fifty-three days. 
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The over-all reaction or the pulp was initially 
inflammatory in nature followed by resolution of the process. 
The pulp tissue became less cellular and more fibrotic, 
and after two months there was noted a tendency toward 
calcific deposits. There was never any indication of 
the dental pulp to attempt to form a reparative dentin 
bridge. 
Three of the specimens were eliminated from the final 
tabulations: (2C and 15B) had over one-half of the root 
resorbed; while specimen (19A) was eliminated because 
there was no pulp tissue demonstrated clinically at the 
time of the experimental procedure. Consequently, it can 
be reported that methylcellulose pulpotomies are successful 
ninty-five per cent of the time this medicament is employed. 
EXPERIMENTAL GROUP 
A total of thirty-two teeth had pulpotomies with the 
Metacresol acetate-calcium hydroxide, methylcellulose 
combination. Four of these specimens were not recovered. 
Of the remaining twenty-eight teeth, all were adjuged to 
be clinically and radiographically successful on the 
same basis described earlier for the control group. 
The duration of treatment for the experimental group 
ranged from fourteen to 103 days. 
TABLE 2 
NUMBER OF SPECIMENS AND DURATION 
OF MEDICATION WITH METACRESOL ACETATE 
CALCIUM HYDROXIDE-METHYLCELLULOSE COMBINATION 
Number of 
Specimens 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
Duration of Medication 
with Metacresol Acetate 
and Calcium Hydroxide-
Meth lcellulose ind s 
22 
27 
28 
29 
32 
33 
34 
45 52 
55 
57 
61 
62 
63 
64 
67 
70 
76 
84 
91 
10 
The histological review of the specimens with the 
metacresol acetate calcium hydroxide-methylcellulose 
combination will be divided according to various time 
intervals: fourteen days; one month; and two months to 
three months. 
Fourteen Da.ys: 
Three teeth were available for study in this group. 
All revealed vital tissue. There was an area of hyaline 
degeneration with thrombosed blood vessels adjacent to 
the medicament. This zone corresponds to the homogeneous 
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or fixed tissue layer reported in a previous study utilizing 
Cresatin alone. 156 
Immediately below this zone of hyaline degeneration 
was an area of chronic inflammation, specimens (lC and 
5C). The primary cells evidenced in the inflammatory area 
were lymphocytes together with plasma cells and macrophages. 
This zone was recorded to extend only a few milimeters 
apically. 
In specimen (3C), in lieu of this inflammatory reaction, 
there appeared to be the initiation of calcification 
represented by an osteodentin bridge. A few scattered 
inflammatory cells appeared adjacent to the bridge, but 
not to the same degree as that · observed in the two other 
specimens. The bridge was irregular, but was of even 
j 
thickness along its entire length. 
In the coronal third of all the specimens the odonto-
blasts appear to be lost or very short along the entire 
length of the lateral wall of the pulp canal. This odonto-
blastic reaction is not specific for the medicaments used 
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in this study. The response was interpreted as an indication 
of previous insult resulting in the cells having lost 
., 
their ability to function and form secondary dentin. 
The connective tissue fibers appear to be running 
perpendicular to the surface of the bridge. This was 
noted as occurring to a greater extent than in normal pulp 
tissue. 
The pulp was considered histologically healthy. The 
medicaments were only effecting the area just apical to 
the amputation site, and the odontoblasts in the coronal 
one-third of the root canal. 
One Month: 
Ten teeth were studied for this time period. They 
ranged chronologically from twenty-two to forty-five 
days. 
All of the teeth revealed vital pulp tissue and 
demonstrated bridging of the pulp chamber. Nine of the 
ten specimens were free or any inflammatory reaction. 
In one specimen (5B) the pulp exhibited chronic inflammation 
• 
• 
• 
with deposition of secondary dentin along the lateral wall 
of the root canal. The radiographic examination revealed 
that this tooth was being resorbed laterally by the 
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permanent lateral incisor. This was the result of impingement 
of the erupting succedaneous tooth. When the tooth was 
extracted the resorption was noted approximating the 
mesial portion of the pulp chamber. It can be concluded 
that the inflammatory process was probably due to the 
resorption of the tooth and not the medicaments employed 
in the study. 
Four of the specimens (1A, 1B, 7B and 10B) demonstrated 
the fixed homogenous zone that was recorded in the fourteen 
day time period. The zone varied from over one milimeter 
(10B) to about twenty microns (7B). 
The bridge was composed of osteod,3ntin. It was 
thicker in the central portion of the chamber, while thinning 
out laterally as it bec0mes continuous with the walls 
of the root canal. 
That portion of the bridge adjacent to the medicaments 
had a trabecular, bony appearance, which was 'devoid of 
all cellular elements. Apically .the bridge demonstrated 
a cellular component, with an osteoblastic type morphology, 
which lined the pulpal side of the bridge • 
One specimen (7B) revealed continued trabecularization 
of the bridge, particularly along the lateral walls of 
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the pulp chamber. 
The pulp tissue below the bridge was free of inflammation. 
The blood vessels were dilated and were more numerous 
than could be considered normal. Odontoblasts were flat 
to cuboidal in shape along the entire lateral wall adjacent 
to the bridge. This reaction was interpreted as an effort 
on the part of the odontoblasts to recover from the initial 
response and to effect their normal function. 
Two of the specimens (2B and 13B) had a linear, purple 
staining area of mineralization in the central portion 
of the pulp. This reaction was not exhibited in the 
fourteen day specimens. 
Two Months--Three Months: 
A total of fifteen teeth were studied for this time 
period, which extended from fifty-two to 103 days. Five 
of the teeth have been eliminated for one of the following 
reasons: 
Specimens (2A, 7A and 16A) had more than one-half 
of the root resorbed. 
One specimen (21A), demonstrated excessive lateral 
root resorption by the erupting permanent incisor. This 
tooth recorded a well formed bridge ef osteodentin. Along 
the lateral wal.l, above and below the bridge was a layer 
of secondary dentin. This was interpreted as a response 
• 
• 
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to the resorption of the root. It was similar to that 
demonstrated by another .specimen (5B). The pulp demonstrated 
a chronic inflammation and the cellular component was 
composed primarilf of lymphocytes. There was present 
histologically a micro-abscess in the central portion of 
the pulp chamber. Another specimen (10A) also revealed 
lateral resorption. A bridge of osteodentin was formed, 
but resorbed laterally together with the root. The pulp 
below the bridge appeared healthy and free of inflammation. 
The remaining ten teeth all demonstrated a continuous 
dentin bridge. The tissue below the bridge was judged to 
be histologically healthy. In only two of the specimens 
(3A and 10A) was the fixed homogenous zone present adjac·ent 
to the medicament. 
A continuous bridge of osteodentin appeared in all 
of the teeth. Three specimens (5A, 14A ·and 20A) demonstrated 
a mozehighly organized bridge ef tubular dentin below the 
layer of osteodentin. These teeth were extracted at sixty-
one, sixty-faur and ninty-one days respectively. Odonto-
blasts were lined up pulpally along the bridge and dentin 
was being formed in a tubular _fashion. 
The size and shape of the dentin bridges were similar 
to those formed with calcium hydroxide-methylcellulose 
alone. The bridges were thicker in the central portion, 
tapering off and becoming narrower toward the lateral 
j 
• 
• 
• 
• 
walls. This is very representative of a calcium hydrox:l.de-
methylcellulose type bridge as compared with other calcium 
hydroxide compounds, in which the bridge formation is 
wider laterally and narrower in the central. portion. 157 
The formation and calcification of the bridge was 
also similar to that reported for calcium hydrox:l.de-
methylcellulose alone. 158 By twenty-eight days a definite 
osteodentin bridge was formed. This reaction may even 
be interpreted as being accelerated with the use of the 
metacresol acetate. 
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The fourteen day time period radiographic assay 
exhibited a radiopaque area immediately below the amputation 
site. In one histologic section the formation of an osteo-
dentin bridge was observed. The bridge was not as highly 
organized and did not form tubular dentin as early as 
specimens treated with calcium hydroxide-methylcellulose 
alone. 159 The formation of tubular dentin was limited 
to only three of the twenty-eight experimental teeth • 
This represents ten per cent of the specimens studied. 
This may indicate that highly organized dentin formation 
may never form, in most cases, or that its formation 
requires a longer period of time. 
The odontoblasts on the lateral walls of the pulp 
chamber were normal and not flattened, as recorded in the 
previous time periods. This was interpreted as a functional 
return to ~ormal on the part of the affected cells. 
Five of the specimens (3A, 5A, 12A, 20A and 26A) 
demonstrated purple staining areas of hypermineralization 
running longitudinally along the central portion of the 
pulp. This was the same finding observed in another 
specimen (2B) that was extracted at the one month time 
period. This mineralization was found in a total of 
twenty-one per cent of the specimens studied. This was 
interpreted as a generalized change in the pulpal tissue. 
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There was an increased connective tissue fiber element, 
and a decreased cellular component in the pulp, again 
reflecting a change in pulpal morthology. 
On the basis of this investigation the histological 
reaction of the pulp tissue to the metacresol acetate 
with calcium hydro:xide-methylcellulose mixture was judged 
to be favorable. 
CHAPTER V 
SUMMARY 
The reaction of metacresol acetate with calcium 
hydroxide-methylcellulose on the dental pulp was evaluated 
in a pulpotomy procedure. Primary cuspids of twenty-
seven children, between the ages of six to ten years were 
employed for the study. 
An aseptic technique was employed throughout the 
precedure. Following the amputation of the pulp a sterile 
cotton pellet moistened in metacresol acetate was placed 
in the chamber for five minutes. Following its removal 
calcium hydroxide in a methylcellulose base (Pulpdent) 
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was flowed over the amputation site. A permanent restoration 
was placed at this time to ensure a proper peripheral seal. 
Methylcellulose in sterile distilled water was used 
as the control. The teeth were then extracted at fourteen 
day, one month and two to three month time intervals, 
sectioned and studied histologically. 
Clinical success was exhibited in 100 per cent of 
the teeth treated with methylcellulose. Radiographically 
twenty of the teeth were considered successful. Two 
specimens demonstrated internal resorption. 
The response of the dental pulp histologically appeared 
• 
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consistent. Viable pulp tissue was demonstrated in eighty-
six per cent of the specimens studies. A chronic inflammatory 
reaction involving the coronal third of the pulp was seen 
after fourteen days. This response then resolved itself 
as time progressed and the pulp returned to its former 
healthy state. 
Calcific deposits and areas of hypermineralization 
were demonstrated in halt of the specimens examined. 
Internal resorption was exhibited in twenty-two per cent 
of the specimens. There was no evidence of the formation 
of a dentinal bridge in any of the control teeth. 
Metacresol acetate with calcium hydroxide-methyl-
cellulose exhibited complete clinical and radiographic 
success. No evidence or pathology or patient discomfort 
was revealed. 
Histologically the dental pulp was viable, being 
more fibrous and less cellular than normal. An area of 
necrosis with the commencement of calcification was evident 
in the earliest specimens of fourteen days. This was 
followed by the formation of an osteodentin bridge after 
approximately twenty-eight days. In only three of the 
specimens did this continue to mature into a tubular dentin 
formation. The remainder of the teeth continued to lay 
down an osteoid material. 
The tissue beneath the bridge was essentially free 
from inflammation. The odontoblastic layer of cells was 
lost along the lateral walls in the earliest specimens. 
With time they returned to their original form and function. 
The blood and lymph vessels were dilated, but there did 
not appear to be any hemostasis. 
Areas of calcification and hypermineralization, 
following the course of the blood vessels was seen in 
five of the specimens examined. 
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CHAPTER VI 
CONCLUSIONS 
1. Metacresol acetate with calcium hydroxide in 
a methylcellulose base produce clinically and radiographically 
successful pulpotomies when performed on sound primary 
teeth. 
2. Under sterile conditions, with proper surgical 
and restorative technique, pulp tissue will heal with 
metacresol acetate with calcium hydroxide-methylcellulose. 
The dental pulp will form an osteodentin bridge and the 
pulp beneath the bridge will remain histologically viable 
and free of inflammation. 
3. Methylcellulose with sterile distilled water 
produces clinically successful pulpotomies when performed 
on sound primary teeth. Radiographic evaluation reveals 
successful treatment in ninty per cent of the cases treated. 
4. Methylcellulose with sterile distilled water 
does not produce as favorable a histological reaction as 
metacresol acetate with calcium hydroxlde-methylcellulose. 
No dentinal bridging was evidenced and there was present 
in the radicular pulp varying degrees of inflammation. 
5. On the basis of this study further investigation 
should be instituted to acertain the nature of the 
kypermineralization of the dental pulp with the metacresol 
acetate with calcium hydroxide-methylcellulose. 
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APPENDIX 
The following pages contain histological findings 
and kodachrome prints of each specimen recovered in the 
investigation • 
NUMBER: 4C 
AGE: Ten years, two months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: November 30, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: December 14, 1970 
DURATION OF TREATMENT: Fourteen days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
79 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Chronic inflammatory reaction in 
the coronal third of the pulp chamber. 
Odontoblastic layer has been lost along the lateral walls 
of the canal. 
Blood and lymph vessels are dilated. 
80 
NUMBER: 2C 
AGE: Seven years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary rirht primary cuspid 
DATE OF PULPOTOMY: November 2, 197J 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: November 16, 1970 
DURATION OF TREATMENT: Fourteen days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Destructive inflam•atory reaction 
in the coronal· half of the pulp chamber, with a 
P.Ulpal abscess below the amputation site. Exudate 
evident ad.jacent to the medicament. Figure 1. 
Odontoblastic layer of cells lost along the lateral walls. 
Figure 1, 2. 
Viable pulp tissue, free of inflammation in the apical 
Figure 1. 
R-E 35X 
... 
-. 
Figure 2. 
H-E 35X 
·-----------
third of the canal. -
Blood vessels dilated and engorged. Lymph vessels dilated. 
Figure 1. 
H-E 35X 
Figure 2. 
H-E 35X 
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NUMBER: 20B 
AGE: Ten years, one month 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: February 8, 1971 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: March 1, 1971 
DURATION OF TREATMENT: Twenty-eight days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Chronic inflammatory reaction at 
th.a site of amputation, extending to the coronal 
third of the pulp chamber. 
Odontoblastic layer reduced in size, but present along 
the entire length of the pulp chamber. 
Blood and lymph vessels dilated. 
Apical two thirds of the pulp is free from any inflammatory 
reaction. 
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NUMBER: 19B 
AGE: Seven years, six mQnths 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY : J muary 19, 1971 
MEDICAMENT EMPLOYED: . Methylcellulose 
DATE OF EXTRACTION: February 23, 1971 
DURATION OF TREATMENT: Thirty four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
83 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Mild chronic inflammatory reaction 
at the amputation site. Odontoblastic layer is lost 
in the coronal third of the root canal, below which is 
normal. 
Blood andlymph vessels are distended. 
Increased· collagenation in the central portion of the 
pulp. 
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NUMBER: 16B 
AGE: Ten years, one month 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: January 18, 1971 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: February 16, 1971 
DURATION OF TREATMENT: Twenty-eight days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area, and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Area of chronic inflammation adjacent 
to the amputation site. Figure 3. 
Dentinal wall broken off at area of amputation is an 
artifact due to histological processing. Figure 3. 
Micro-abscess in the coronal third of the pulp chamber. 
Blood and lymph vessels distended. Figures 3, 4. 
Odontoblastic layer absent or reduced in thickness. 
Apical third of the pulp canal is healthy and free of 
any inflammation. 
• 
Figure 3. 
H-E 35X 
Figure 4. 
H-E lOOX 
Fi gure 3. 
H-E 35X 
Figure 4. 
H- E 100X 
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NUMBER: 15B 
AGE: Six years, five months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: January 21, 1971 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: February l8, 1971 
DURATION OF TREATMENT: Twenty-seven days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Chronic inflammatory reaction 
at the site of amputation. Hyalinazation of the 
connective tis·sue immediately below this area. Figure 5. 
Hemorrhage in the coronal third of the pulp canal, with 
a homogeneous alteration of the collagen fibers. 
Figures 5, 6. 
Blood and lymph vessels dilated. Figure 5. 
Odontoblastic layer reduced in thickness along the lateral 
walls. 
Figure 5. 
H-E lOOX 
Figure 6. 
H-E 430X 
Figure 5. 
H-E 100X 
Fi gure 6. 
H-E 430X 
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NUMBER: 14B 
AGE: Seven years, six months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: January 8, 1971 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: February 4, 1971 
DURATION OF TREATMENT: Twenty-six days 
POSTOPERATIVE CLINICAL SYMPOTMS: Negative 
POSTPOERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. Figure 7. 
HISTOLOGICAL FINDINGS: Chronic infiltrate adjacent to 
the site of amputatien. Blood and lymph vessels 
dilated • . Large amount of ground substance with 
scattered collagen fibers. Figure 7. 
Qdontoblastic layer lost along the lateral walls of the 
pulp chamber. 
H-E lOOX 
r 
Figure 7 • · 
H-E lOOX 
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NUMBER: 11B 
AGE: Nine years, eleven months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: October 27, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: November 23, 1970 
DURATION OF TREATMENT: Twenty-eight days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
90 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Few scattered inflammatory cells 
at the amputation site. The remainder of the pulp 
is free of any inflammation. 
Blood and lymph vessels dilated. 
Large vacuole in the central portion of the pulp is an 
artifact due to histological preparation. 
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NUMBER: 9B 
AGE: Nine years, three months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: October 16, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: November 23, 1970 
DURATION OF TREATMENT: Thirty-nine days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Periapical 
area and lamina dura appear intact. Internal resorption 
evident in the pulp chamber. No evidence of a 
radiopaque bridge below the amputation site. 
HISTOLOGICAL FINDINGS: Internal resorption evident along 
the lateral walls of the pulp canal. Figure 8. 
Area of chronic inflammation in the coronal third of the 
pulp. A pulp abscess with its associated exudate 
is evident below the amputation site. Figure 9. 
Apical third of the canal is free from any inflammation. 
Blood and .- lymph vessels dilated. 
Odontoblastic layer is lost along the lateral walls of 
the pulp canal. 
Calcific deposits present in coronal third of the pulp 
canal. Figure 9. 
Figure 8. 
H-E lOOX 
Figure 9. 
G-B lOOX 
- - ---
Figure 8. 
H- E 100X 
Figure 9. 
G-B 100X 
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NUMBER: 6B 
AGE: Eight years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: October 19, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTI.ON: November 16, 1970 
DURATION OF TREATMENT: Twenty-eight days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Layer of compressed fibroblasts 
immediately below the site of amputation. Figure 10. 
Mild chronic inflammatory infiltrate at the area of 
amputation. Remainder of the pulp is healthy and 
free from inflammation. Odontoblastic layer is lost 
along the lateral walls of the canal. Figure 10. 
Blood and lymph vessels dilated. Increased degree of 
collagen formation in the central portion of the 
pulp. Figure 11. 
Figure 10. 
H-E 100X 
Figure 11. 
G-B 100X 
Figure 10. 
H-E 100X 
Figure 11. 
G-B 100X 
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NUMBER: 4B 
AGE: Nine years, eight months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: September 29, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: October 30, 1970 
DURATION OF TREATMENT: Thirty days 
POSTOPERATIVE CLINICAL SYMPOTMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Chronic inflammatory reaction 
in the coronal half of the root canal, the remainder 
of the pulp is free from inflammation. 
Odo11·tob1aatic ·1ayer is absent along the lateral walls of 
the chamber. 
Internal resorption with multinucleated giant cells along 
the lateral walls of the pulp canal. Figures 12, 13. 
Figure 12. 
H-E lOOX 
Figure 13. 
G-B 430X 
---
Figure 12 . 
H- E lOOX 
Figure 13. 
G- B 430X 
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NUMBER: 1B 
AGE: Eight years, four months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: August 18, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: September 17, 1970 
DURATION OF TREATMENT: Thirty days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
97 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Area of chronic inflammation at 
the amputation site, extending half the length of 
the pulp canal. 
Odontoblastic layer absent in the coronal half of the pulp, 
and flattened out in the apical region. 
Blood and lymph vessels distended. 
98 
NUMBER: 25A 
AGE: Six years, five months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: October 20, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: January 12, 1971 
DURATION OF TREATMENT: Eighty-five days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Granulation tissue present at the 
amputation site, the remainder of the pulp is healthy 
and free from any inflammation. 
Odontoblastic layer is present, but flattened out along 
.  
the lateral walls of the pulp canal. 
Blood and lymph vessels are dilated. 
Slight increase in collagen formation. 
Immediately below the amputation is calcified bone-like 
material. Figures, 14, 15. 
Figure 14. 
H-E 100X 
Figure 15. 
H-E 43ox 
Figure ll~. 
H- E 100X 
Figure 15 . 
H- E 430X 
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NUMBER: 24A 
AGE: Eight years, five months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: August 18, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: October 29, .1970 
DURATION OF TREATMENT: Seventy-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Mild chronic inflammatory reaction 
at the area of amputation. There is a layer of compressed 
fibroblasts immediately below the medicament. The 
remainder of the pulp is healthy and free from any 
inflammation. Figure 16. 
The odontoblastic layer is present, but torn awa:y during 
the histological processing. Figure 16. 
Pulp is very vascular with distended blood and lymph 
vessels. 
Calcific deposits present at the amputation site. Figures 16, 17 
Figure 16. 
G-B 35X 
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Figure 17. 
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NUMBER: 23A 
AGE: Seven years, ten months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: July 29, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: October 19, 1970 
DURATION OF TREATMENT: Eighty-three days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Area of chronic inflammation at 
the site of amputation. Apical two thirds of the 
pulp is healthy. 
Internal resorption with multinucleated giant cells present 
along the lateral walls of the canal running its 
entire length. 
Odontoblastic layer completly absent. 
NUMBER: 19A 
AGE: Eight years, five months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: August 3, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: October 13, 1970 
DURATION OF TREATMENT: Seventy-one days 
PERTINENT REMARKS: The pulp chamber was devoid of any 
vital tissue at the time of the pulpotomy procedure. 
, 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: No vital tissue present in the 
pulp canal. 
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NUMBER: 17A 
AGE: Nine years, eight months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: August 3, 1970 
MEDICAMENT EMPLOYED: Meth~rlcellulose 
DATE OF EXTRACTION: October 6, 1970 
DURATION OF TREATMENT: Sixty-four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Area of chronic inflammation at 
the amputation site, extending to the coronal third 
of the root canal. Figure 18. The remainder of the 
pulp is healthy and free from inflammation. 
The odontoblastic layer is somewhat reduced in thickness 
in the coronal third of the root canal. 
The blood vessels are dilated and engorged with blood. The 
lymph vessels are di s tended . 
'11here ar e a few scattered mul tinucleated giant cells 
present at the amputation site. Figure 19. 
Figure 18. 
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Figure 19. 
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NUMBER: 15A 
AGE: Ten years, seven months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: July 16, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: October 14, 1970 
DURATION OF TREATMENT: Ninty-one days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Pulp canal is completly devoid 
of any vital tissue. 
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NUMBER: 13A 
AGE: Nine years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: May 8, 19?0 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: July 6, 1970 
DURATION OF TREATMENT: Fifty-nine days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Complete 
internal resorption of middle third of the root. 
HISTOLOGICAL FINDINGS: None 
• 
108 
Figure 20 • 
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NUMBER: 11A 
AGE: Eight years, two months 
SEX: Male 
.. 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: July 24, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: September 18, 1970 
DURATION OF TREATMENT: .Fifty-seven days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: A few scattered inflammatory cells 
at the amputation site, the remainder of the pulp 
is free of any inflammation. Figures 21, 22. 
Odontoblastic layer has been lost in the coronal two-
thirds of the root canal. Figure 22. 
Blood and lymph vessels are dilated. 
Calcific deposits are present at the amputation area. 
There is an area of linear hypermineralization in 
the central portion of the pulp, running parallel 
to the collagen bundles. Figure 21. 
Figure 21. 
G-B 35X 
Figure 22. 
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NUMBER: 9A 
AGE: Seven years, seven months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary left primary cu.spid 
DATE OF PULPOTOMY: May 19, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: July 21, 1970 
DURATION OF TREATMENT: Sixty-four days 
POSTOPERATIVE CLINIC·AL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Only a few scattered inflammatory 
cells present at the amputation site. Remainder 
of the pulp is free of any inflammation. 
Odontoblastic layer is intact along the entire length of 
the pulp canal. 
Slight increase in the amount of collagen throughout the 
pulp. The blood and lymph vessels are distended. 
Calcific deposits are present at the amputation site. 
NUMBER: 6A 
AGE: Seven years, seven months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: May 6, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: July 7, 1970 
DURATION OF TREATMENT: Sixty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp, 
periapical area and lamina dura appear intact and 
healthy. No evidence of a radiopaque bridge below 
the amputation site. 
HISTOLOGICAL FINDINGS: Mild inflammatory reaction below 
the amputation site. The remainder of the pulp is 
free of any inflammation. 
The odontoblasts are absent in the coronal half of the 
root. 
There is no increase in collagen formation. 
Presence of internal resorption along the·. lateral wall 
of the pulp chamber • . 
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NUMBER: 4A 
AGE: Nine years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: April 30, 1970 
MEDICAMENT EMPLOYED: Methylcellulose 
DATE OF EXTRACTION: June 29, 1970 
DURATION OF TREATMENT: Sixty-one days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. No 
evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Chronic inflammatory reaction 
immediately below the amputation site, composed 
chiefly of lymphocytes. Figure 23. 
Remnent of a clot or cellular infiltrate adjacent to the 
medicament. Figure 23. 
Odontoblastic layer is lost in the coronal half of 
the root. It is not disturbed in the apical region. 
Figure 23. 
'G-B 35X 
Figure 24. Figure 24. 
Calcific deposits present in the apical third of the root 
canal. 
Pulp is healthy and free from inflammation in ·apical half 
of the root canal. 
G-B 35X 
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NUMBER: 5C 
AGE: Ten years, two months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: Nov,ember 30, 19?0 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: December 14, 19?0 
DURATION OF TREATMENT: Fourteen days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
115 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. 
No evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Necrotic zone adjacent to the 
medicament, below which is an area of chronic inflammation. 
Odontoblasts lost along the lateral walls of the pulp chamber 
in the coronal third of the tooth. 
Apical two thirds of the root canal has only a few 
scattered inflammatory cells. 
Blood and lymph vessels di1ated. 
' 
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NUMBER: 3C 
AGE: Seven years, three months 
SEX: Male 
.. 
TOOTH IDENTIFICATION: Maxj_llary left primary cuspid 
DATE OF PULPOTOMY: November 2, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: November 16, 1970 
DURATION OF TREATMENT: Fourteen days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapic.al area and lamina dura appear intact. 
Evidence of a slight radiopaque bridge below the 
amputation site. 
HISTOLOGICAL FINDINGS: Necrotic zone adjacent to the 
medicament. Osteodentin bridge being laid down. 
Figures 25, 26. Collagen fibers appear to be 
perpendicular to the surface of the bridge and 
are calcifying in this direction. Figures 25,26. 
Odontoblasts have been lost along the lateral walls of 
the pulp chamber. Figure 25. 
Pulp is free from inflammation except for a few scattered 
lymphocytes and plasma cells around the blood vessels. 
Figure 27. Walls of the blood vessels possibly 
calcified. Figure 28. 
Figure 25. 
G-B 35X 
Figure 26. 
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NUMBER: lC 
AGE: Eight years, three months 
SEX: .Male 
T00TH IDENTIFICATION: Mandibular left primary molar 
DATE OF PULPOTOMY: November 2, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: November 16,J 1970 
DURATION OF TREATMENT: Fourteen days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
chamber, periapical area and lamina dura appear 
intact. Evidence of a radiopaque bridge below 
the amputation site. Figure 29. 
HISTOLOGICAL FINDINGS: Fixed zone of hyaline degeneration 
adjacent to the amputation site. Below this zone 
is an area of chronic inflammation composed of 
lymphocytes, macrophages and a few scattered 
plasma cells. No evidence of any type of calcification. 
Apical two-thirds of the pulp canal is healthy and 
free f1•om inflammation. Blood and lymph vessels 
are dilated. 
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Figure 29. 
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NUMBER: 21B 
AGE: Eight years, six months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DA'.CB OF PULPOTOMY: April 1, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: April 28, 1970 
DURATION OF TREATMENT: Twenty-seven days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear normal. 
Difficult to observe a radiopaque bridge. 
HISTOLOGICAL FINDINGS: Osteodentin bridge, thicker in 
the central portion than at the sides. 
Odontoblasts are cuboidal with the palisading lost 
along the lateral walls of the canal. 
Pulp is healthy and free from inflammation. 
Blood and lymph vessels dilated. 
NUMBER: 18B 
AGE: Seven years, six months 
SEX: Female 
TOOTH IDENTI F'ICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: January 19, 1971 
122 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: February 23, J971 
DURATION OF TREATMENT: Thirty-four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact. Evidence 
of a radiopaque bridge below the amputation site. 
HISTOLOGICAL FINDINGS: Complete osteodentin bridge present. 
Pulp is vital and intact. Loose collagenation with 
distended vasculature and lymph vessels. 
Odontoblastic layer well formed along the lateral walls 
of the pulp chamber. 
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NUMBER: 17B 
AGE!: Ten years, one month 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPO'r OMY: January 18, 1971 
MEDICAMEi'TT EMPLOYED: Metacresol acetate with calcium 
hydroxide. 
DATE OF EXTRACTION:. February 16; 1971 
DURATION OF TREATMENT: ~:'wenty-eight days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear intact. 
Evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Intact dentinal bridge present, 
composed chiefly of amorphous, mineralized material, 
devoid of any cells. There is the beginni~g formation 
of an osteoid material. Figure 30. 
The odonto1Jlastic layer along the lateral walls of the 
canal is of normal size and thickness. Figures 30, 31 • 
Blood and lymph vessels are distended. 
Hypermineralized material in the central portion of the 
pulp. It appears that it follows the course of 
the blood vessels and associated with the collagen 
bundles. Figure 32. 
Pulp is healthy and free from inflammation. Figure 31. 
-
Figure 30. 
H-E lOOX 
FigUre 31. 
H-E lOOX 
124 
I 
Figure 30. 
H-E 100X 
Figure 31. 
H-E 100X 
124 
-F.Lgure 32. 
H-~ 43ox 
125 
Figure 32. 
H- E 430X 
125 
126 
NUMBER: 13B 
AGE: Nine years, eleven months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPO~L10MY: January 11, 197 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: February 9, 1971 
DURATION OF TREATMENT: Twenty-nine days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear intact. 
Evidence of a radiopaque bridge below the amputation 
site. Figure 33. 
HISTOLOGICAL FINDINGS: Continuous dentin bridge; coronal 
portion is disorganized and acellular. Below this 
zone is osteodentin with osteoblast-like cells lining 
up along the pulpal border of the bridge. Figure 34. 
Blood and lymph vessels distended. Figure 35. Areas 
of hypermineralization in the apical two thirds or 
the pulp chamber. 
Pulp is heal thy and £ree of any inflammation·. Figure 35. 
-
Figure 33. 
Figure 34. 
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NUMBER: 12B 
AGE: Seven years, six months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: January 12, 1971 
MEDICAMENT EMPLOYED: 
hydroxide 
Metacr~sol acetate with calcium 
\ 
\ 
\ 
\ 
DATE OF EXTRACTION: February 4, 1971 
DURATION OF TREATMENT: Tw~nty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
intact. Evi dence of a radiopaque bridge below 
the amputation site. 
HISTOLOGICAL FINDINGS: Very disorganized osteodentin 
bridge present. Pulp tissue is very vascular 
below the bridge. Figure 36. 
Odontoblasts are lost or very flat along the lateral 
walls of the root canal in the coronal third of 
the tooth. There is increased. collagen formation 
with the blood and lymph vessels dilated. Figure 37. 
Pulp tissue is heal thy with no inflamma,tion. 
-
Figure 36. 
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NUMBER: lOB 
AGE: Nine years, eleven months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPC>TOMY: October 27, 1970 
MEDI.GAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DA'l!E OF EXTRACTION: November 23, 1970 
DURATION OF TREATMENT: Fifty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
intact. Evidence of a radio~que bridge below the 
amputation site. Apex · slightly resorbed. 
HISTOLOGICAL FINDINGS: Wide area of hyalinazation above 
t he den tin bridge , with thrombosed blood v,essels 
distributed through this zone. Figures 38, 39, 
' The bridge appears trabecular, osteodentin. It is 
poorly formed and vacuolated. Figure 39. 
The odontoblasts along the lateral walls or the chamber 
are very short. This is probably the result of the 
medicaraen ts employed. . Figure 39. · 
The pulp is healthy with no apparent inflammation. The 
blood vessels are distended. Figure 40. 
In the center of the pulp are areas of mineralization. 
Figure 41. 
-
Figure 38. 
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NUMBER: 8B 
AGE: Nine years,three months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: October 9, 19?0 
MEDICAMENT EMPLOYED: Metacresol acetate w1 th calcium 
hydroxide 
DATE OF EXTRACTION: November 23, 1970 
DURATION OF TREATMENT: Forty-ti ve days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear normal• 
Evidence or a radiopaque bridge below the amputation 
site. 
HIS'IOLOGICAL FINDINGS: Osteodentin bridge, coronal 
portion is irregular with vacuoles. More recent 
material is cellular. Layer of osteoblas t-like 
cells adjacent to the bridge. Figures 42, 43,44• 
Widest portion of the bridge is in the center, it 
becomes narrow as it attaches to the lateral walls 
of the pulp chamber. Figures 42, 43. 
Pulp is healthy and free of inflammation. The odontoblasts 
are present along the lateral walls. 
Figure 42. 
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NUMBER: 7B 
AGE: Seven years, ten months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: October 20, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: November 23, 1970 
DURATION OF TREATMENT: Thirty-three days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, peripaical area appear normal. Evidence of 
a radiopaque bridge below the amputation site. 
Resorption of lateral portion of the root. Figure 45. 
HISTOLOGICAL FINDINGS: Dentin bridge complete. Figures 
46, 47, 48. Osteodentin with trabecularization 
along the lateral wall continuous with the bridge. 
Figures 46, 48, 49. 
Pulp healthy and free of inflammation. Blood vessels 
appear dilated with a few inflammatory cells 
adjacent to them. Figures 46, 47. 
· . Figure 45. 
Figure 46. 
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NUMBER: 5B 
AGE: Nine years, eight months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: September 29, 1970 
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MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: October 30, 1970 
DURATION OF TREATMENT: Thirty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Resorption 
laterally due to erupting incisor. No radiographic 
bridge seen. Pulp canal and periapical area appear 
normal. 
HISTOLOGICAL FINDIN~S: Incomplete formation of a very 
disorganized osteodentin bridge. 
Odontoblastic layer lost along the lateral wall of the pulp 
chamber. 
Chronic inflammatory infiltrate of lymphocytes, plasma 
cells and macrophages present in the coronal half 
of the pulp chamber. 
Reparative dentin present along the walls of the pulp 
canal extending its entire length. 
Tooth eliminated from final tabulations due to lateral 
resorption. 
NUMBER: 3B 
AGE: Ten years, two months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: September 25 , 1970 
140 
MEDICAMENT EMPLOYED: Metacresol acetat·e with calcium hydroxide 
DATE OF EXTRACTION: October 26, 1970 
DURATION OF' 'I1REATMENT: Thirty-two . days 
POSTOPERATIVE CLINICAL SYMP~POMS : Nega tj_ve 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear normal. 
Ra.diopc1.que bridge bel ow the a.mputa.tion s i t e. 
HISTOLOGICJI..L FINDINGS : 0s teodentin bridge pres ent. 
Pulp fre e of any inflammation. Odontoblastic layer is 
intact. 
Areas of hyperrnineralization and .'globules of osteoid-
type material are present in the apical third of the 
root canal. 
Blood and lymph vessels are distended. 
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NUMBER: 2B 
AGE: Eight years, five months 
SEX: Female 
TOOTH .IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: September 29 1 1970 
MEDICAMENT EMPLOYED: ~etacresol acetate with cal.cium 
hydroxide 
DATE OF EXTRACTION: October 20, 1970 
DURATION OF TREATMENT: Twenty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
' 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
intact. Difficult to observe radiopaque bridge. 
HISTOLOGICAL FINDINGS: Continuous osteodentin bridge 
present. Odontoblasts present along the lateral 
walls. 
Pulp tissue h eal thy cu1d f ree of infle.mmation. 
Linear areas of hypermineralize.tion in the central 
portion of the pulp. Figures 50, 51. 
Figure 50. 
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NUMBER: 26A 
AGE: Six years, five months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: October 29, 1970 
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MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: January 12, 1971 
DURATION OF TREATMENT: Seventy-six days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear normal. 
Evidence of a radiopaque bridge below the amputation 
site. 
HISTOLOGICAL FINDINGS: Osteodentin bridge intact. 
Odontoblastic layer is normal and continuous along the 
lateral walls of the pulp chamber. 
Increased collagenation in the central portion of the 
pulp chamber, running parallel to the walls. 
Hypermineralized areas associated with the collagen fibers. 
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NUMBER: 22A 
AGE: Seven yearsi ten months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: July 8, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: October 19, 1970 
DURATION OF TREATMENT: 103 days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear normal. 
Evidence of a radiopaque bridge below the amputation 
site. Figure 52. 
HISTOLOGICAL FINDINGS: Continuous osteodentin bridge 
presen~ at the amputation site. 
Pulp vital and intact. Loose collagenation with distended 
vasculature and lymph vessels. 
Odontoblastic layer is well formed along the lateral 
walls of tm pulp chamber. 
Figure 52. 
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NUlvIBER: 21A 
AGE: Nine years, eight months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: August 12, 19?0 
MEDICAMENT EMPLOYED: Metacr'esol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: October 6, 19?0 
DURAT[ON OF TREATMENT: Fifty-five days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area appear normal. Evidence 
of a radiopaque bridge below the amputation site. 
Lateral resorption of the root due to erupting incisor. 
Figure ·53. 
HISTOLOGICAL FINDINGS: Continuous osteb-dentin bridge 
of even thickness. Figures 54, 55. 
Formation of reparative osteo-dentin along the lateral 
walls of the pulp chamber, above and below the bridge. 
This is in response to the lateral resorption of the 
tooth. Figures 54, 55, 56. 
Chronic inflammatory reaction by the pulp, with a micro-
abscess in the central portion, containing lymphocytes, 
plasma cells and macrophages. Figures 54, 57. 
Figure 53. 
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NUMBER: 20A 
AGE: Eight years, five months 
SEX: Female 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: August 10, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: October 13, 1970 
DURATION OF TREATMENT: Sixty-four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE, RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
intact. Evidence of a radiopaque bridge below 
the amputation site. 
HISTOLOGICAL FINDINGS: Continuous dentin bridge, being 
thicker centrally, becoming narrower as it joins 
the lateral walls. Figures 58, 59. 
Coronally the bridge is composed of osteodentin. Below 
~s a more highly organized tubular-dentin formation. 
Odontoblasts are present along the pulpal border of 
the bridge. Figures 58, 59. 
Pulp is he.al thy and free of inflammation. It is highly 
vascular with blood vessels being engorged. 
Figure 58. 
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NUMBER 18A 
AGE: Eight years, four months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: August 3, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: October 9, 1970 
DURATION OF TREATMENT: Sixty-seven days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRA:OTI0N: Pulp 
canal, periapical area and lamina dura appear normal. 
Evidence of a radliopaque bridge below the amputation 
site, that is not continuous. 
HISTOLOGICAL FINDINGS: Dentin bridge is not complete. 
It is poorly organized of osteo-dentin. Below the 
gap in the bridge is an area of chronic inflammation 
extending one half the root length. Figure 60. 
Odontobl~sts are lost along the lateral walls of the 
root canal adjacent to the bridge. Figure 61. 
In the middle third of the canal there is an area of 
lateral calcification, poorly attached to the 
walls. Figure 61. 
Figure 60. 
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NUMBER: 16A 
AGE: Nine years, one month 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: July 23, 1970 
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MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: October 14, 1970 
DURATION OF TREATMENT: Eighty-four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: More than 
one half of the root has been resorbed. Specimen 
eliminated from the study. 
HISTOLOGICAL FINDINGS: A chronic inflammatory reaction 
thorughout the pulp. 
NUMBER: 14A 
AGE: Six years, eleven months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: July 16, 1970 
155 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: October 14, 1970 
DURATION OF TTREAMENT: Ninty-one days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp canal, 
periapical area and lamina dura appear intact~ There 
is evidence of a radiopaque bridge . below the amputation 
site. 
HISTOLOGICAL FINDINGS: Continuous bridge of even thickness. 
Osteodentin becoming more highly organized to form 
tubular dentin. Below the bridge is a layer of 
odontoblasts. 
Odontoblasts along the lateral walls of the pulp chamber 
are columnar in shape and well organized. 
Increased degree of collagenation throughout the pulp. 
NUMBER: 12A 
AGE: Eight years, two months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary left primary cuspid 
DATE OF PULPOTOMY: July 10, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: September 18, 1970 
DURATION OF TREATMENT: Seventy days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear normal. 
Evidence of a continuous radiopaque bridge below 
the amputation site. 
HISTOLOGICAL FINDINGS: Continuous bridge of osteo-dentin. 
Adjacent to the medicament is an amorphous acellular 
area. Below is an osteodentin material having an 
unusual spiked appearance. Along the pulpal border 
of the bridge is a well organized layer of osteoblast-
type cells. Figure 62. 
The odontoblastic layer is complete and intact along 
the lateral walls of the canal. Figure 63. 
Vascular and/or lymph channels are distended. There 
is no inflammation present. Figure 63. 
Areas of hypermineralization extendilg throughout 
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the pulp chamber. This may be associated with the 
vessels as a mineral degeneration. Figures 63, 
64. 
Figure 62. 
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NUMBER: 10A 
AGE: Seven years, four months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPOTOMY: May 28, 1970 
MEDICAMENT IDJIPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: July 23, 1970 
DURATION OF TREATMENT: Fifty-seven days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
normal. Evidence of a continuous radiopaque bridge 
below the amputation site. Figure 65. 
HISTOLOGICAL FINDINGS: A fixed homogenous zone with 
thrombosed blood vessels is adjacent to the medicament. 
A continuous osteo~entin bridge appears below this 
fixed zone. 
The odontoplastic layer is continuous along the lateral 
walls. Figure 66. 
The pulp shows a high degree of vascularity, with an 
increased amount of collagen deposition located 
centrally. Figure 66. 
Figure 65. 
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NUMBER: 8A 
AGE: Nine yeEU"s, ten months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular right primary cuspid 
DATE OF PULPO'.COMY: May 18, 1970 
161 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: July 20, 1970 
DURATION OF TREATMENT: Sixty-four days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber, 
periapical area and lamina dura appear intact. There 
is evidence of a radiopaque bridge below the amputation 
site. One-third of the root has been .physiologically 
resorbed. 
HISTOLOGICAL .FINDINGS: Intact osteodentin bridge, having 
a trabecular appearance. Scattered inflammatory 
cells adjacent to the blood vessels in the coronal 
third of the pulp chamber • . 
Odontoblastic layer is continuous along the lateral walls 
of the root canal. 
NUMBER: 7A 
AGE: Seven years, seven months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DATE OF PULPOTOMY: May 12, 1970 
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MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: July 21, 1970 
DURATION OF TREATMENT: Seventy days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: One half 
of the root resorbed apically and laterally, due 
to the eruption of the permanent incisor. 
Eliminated from study. 
HISTOLOGICAL FINDINGS: None 
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NUMBER: 5A 
AGE: Nine years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Maxillary right primary cuspid 
DAT.E OF PULPOTOMY: April 30, 1970 
.MEDICAMENT EMPLOYED: Metacresol acetate with calcium 
hydroxide 
DATE OF EXTRACTION: June 29, 1970 
DURATION OF TREATMENT: Sixty-one days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp 
canal, periapical area and lamina dura appear 
intact. Evidence of a radiopaque bridge below the 
amputation site. 
HISTOLOGICAL FINDINGS: Initial deposition of osteo-dentin, 
below which is a more highly organized tubular 
dentin formation. Figure 67. 
Odontoblasts are lining up along the border of the bridge • 
. Figure 68. 
Odontoblasts are present along the lateral walls of the 
pulp chamber. They are of a normal height and 
appear well formed. Figure 69. 
Isolated purple staining areas of hypermineralization 
present throughout the pulp. Figure 67. 
Blood vessels are dilated, but not engorged. There is 
no evidence of any inflammation. Figure 69. 
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NUMBER: 3A 
AGE: Nine years, three months 
SEX: Male 
TOOTH IDENTIFICATION: Mandibular left primary cuspid 
DATE OF PULPOTOMY: April 24, 1970 
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MEDIC.AMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: June 26, 1970 
DURATION OF TREATMENT: Sixty-two days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: Pulp chamber 
periapical area and lamina dura appear normal. 
Indistinct radiopaque bridge below the amputation site. 
HISTOLOGICAL FINDINGS: Well formed bridge of osteodentin. 
Pulp appears healthy with no evidence of inflammation. 
Increased collagenation with bundles running parallel 
to the walls of the root canal. 
Odontoblastic layer well formed and intact. 
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NUMBER: 2A 
AGE: Seven years, seven months 
SEX: Female 
TOOTH IDENTIFICATION: Mandibular right primary canine 
DATE OF PULPOTOMY: April 22, 1970 
MEDICAMENT EMPLOYED: Metacresol acetate with calcium hydroxide 
DATE OF EXTRACTION: June 23; 1970 
DURATION OF TREATMENT: Sixty-three days 
POSTOPERATIVE CLINICAL SYMPTOMS: Negative 
POSTOPERATIVE RADIOGRAPHS PRIOR TO EXTRACTION: One half 
of the root had been resorbed. Tooth therefore eliminated 
from the study. 
HISTOLOGICAL FINDINGS: None 
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